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charts are a Howecft^ ^ foll ° Wing qUeStions; assume "V data, steam and heat tables and 


Problem number (1) 


(18 Marks! 


^ Consider two surfa ce Pressed against each other. Now the air at the interface is evacuated. Will 
the thermal contact resistance at the interface increase or decrease as a result? (4 Marks) 

b) What is a conduction shape factor? How is it related to the thermal resistance? (4 Marks) 

^ A steam of in ner and outer diameters 1.6 and 1.7 cm respectively is covered by with two 
layers of insulation. The thickness of the first layer is 3 cm and that of the second layer is 5 cm. 
the thermal conductivity’s of the pipe and insulating layers are 58, 0.174 and 0.093 W/m.K, 
respectively. The temperature of the inner surface of steam pipe is 300 °C, and that of the outer 
surface of the insulation layer is 50 *C. Determine the heat loss per meter and the layers contact 
temperatUreS - (10 Marks) 

Problem n umber ( 2 ) (18 Marlari 

& A pipe is insulated to reduce the heat loss from it. However, measurements indicate that the rate 
of heat loss has increased instead of decreased. Can the measurements be right? (6 Marks) 
b) Steam flows through tubes whose outer diameter is 5 cm and whose.walls are maintained at a 
temperature of 180 °C. Circular aluminum alloy fins (k = 186 W/m. °C) of outer diameter 6 cm 
and constant thickness 1mm are attached to the tube. The space between the fins is 3 mm, and 
thus there are 250 fins per meter length of the tube. Heat is transferred to the surrounding air at 

T " = 25 ° C> with a heat transfer coefficient i>f 40 W/m * 2 * * * . °C. determine the increase in heat 
transfer from the tube per meter of its length as a result of adding fins. (12 Marks) 

Problem number (3) (18 Marks! 

/f In what medium is the lumped system analysis more likely to be applicable: in water or in air? 

Why? (6 Marks) 

b) A cubic block whose sides are 5 cm long is initially at 20 °C and are made of granite ( k = 2.5 

W/m. °C and a = 1.15 x 10” 6 m 2 /s) exposed to hot gases at 500 °C in a furnace on all of their 
surfaces with a heat transfer coefficient of 40 W/m 2 . °C determine the center temperature of the 
cubic after 10 min. (12 Marks) 
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Remarks: (answer the following questions; assume any missing data, steam and heat tables and 
charts are allowed) 


Problem number (1) 


(18 Marks) 


f) Consider two surface pressed against each other. Now the air at the interface is evacuated. Will 
the thermal contact resistance at the interface increase or decrease as a result? (4 Marks) 

b) What is a conduction shape factor? How is it related to the thermal resistance? (4 Marks) 
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$ A steam pipe of inner and outer diameters 1.6 and 1.7 cm respectively is covered by with two 

layers of insulation. The thickness of the first layer is 3 cm and that of the second layer is 5 cm. 


the thermal conductivity's of the pipe and insulating layers are 58, 0.174 and 0.093 W/m.K, 
respectively. The temperature of the inner surface of steam pipe is 300 °C, and that of the outer 
surface of the insulation layer is 50 °C. Determine the heat loss per meter and the layers contact 
temperatures. (10 Marks) 

V~\ = 0*008 5 ? vj/rf\.!< 




Yi « o <oogs m K'z-oJ'm win-K 






Ti\ 


KiirVz-f 0*03^ <?.o3?5 m 

T 1 

f 06^6 
V Ty 


V W 

tt{ = h - k>.o,5 



r &\}i 


r 


/ •,*** 

T 7 ^ 3 ooc ~Tq*:5oc 

T 

X 



"I'- @ Q/( <gTz /7? 

1 /7 

—■ 


AT 



6 


?TrK| Q 21 TKri 


AT» Zsocl snj + 


2TTK t 


ZTTKri 


zirte* 


-I- iZJs£- + 0-Z3ZSH ^2.8063 1 


1TZ * 5$ 


2TTX o r?9 


'Z TT-K o . 09 1 


-AX = 2*0 ^ #3.0*5 Mf/m 

5! -go 63 1 

[<rr jX 3 4^ _ Q/-£ ki ^ ^clvne ^j e X 

Q/e - & 9.0 25 - -X ”X n =T77 _ £9,0 25*4x1 

-in fl/ki ztr K) 

2TTIC, o v 

JX 3 3 oo _ ^ 3 . 0 ^ 5 -x- -llvi ( 0 . 00 ^ 5 ^, -s C 

2 . TT-yf <5* S 

Q/-p= ^ 5.^5 =_TLT_ ^ 7F-n TZ+% 9 *®* X 

s- _5”<3 ’B-9-6%5 * -A U-O %5/o. 0 3&s) .£ ( /5 c 

_ 2T6 Jr O' o9? ; 


Problem number (2) 


-L lS Markg] 


ft A pipe is insulated to reduce the heat loss from it. However, measurements indicate that the rate 
of heat loss has increased instead of decreased. Can the measurements be right? (6 Marks) 

b) Steam flows through tubes whose outer diameter is 5 cm and whose, walls are maintained at a 
temperature of 180 °C. Circular aluminum alloy fins (k = 186 W/m. °C) of outer diameter 6 cm 
and constant thickness l mm are attached to the tube. The space between the fins is 3 mm, and 
thus there are 250 fins per meter length of the tube. Heat is transferred to the surrounding air at 
T ro = 25 °C, with a heat transfer coefficient if 40 W/m 2 . °C. determine the increase in heat 
transfer from the tube per meter of its length as a result of adding fins. (12 Marks) 
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Problem number 131 


_ 3 55 Z . 27 g _ , 
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H8 Marks) 


In what medium is the lumped system analysis more likely to be applicable: in water or in air? 

(6 Marks) 

b) A cubic block whose sides are 5 cm long is initially at 20 °C and are made of granite ( k = 2.5 
W/m. C and a = 1.15 x 10 6 m 2 /s) exposed to hot gases at 500 °C in a furnace on all of their 
surfaces with a heat transfer coefficient of 40 W/m 2 . °C determine the center temperature of the 
cubic after 1 0 min. (12 Marks) 
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Problem number (4) 


(18 Marks) 


a) What is meant by a time constant ? 

^ Define the reradiating surface, radiation shields, and irradiation. 


(4 Marks) 
(4 Marks) 


13.3 a Radiation Exchange Between Opaque, Diffuse , Gray Surfaces in an Enclosure 887 


Example 13.5 


A cryogenic fluid flows through a long tube of 20-mm diameter, the outer surface of which 
is diffuse and gray with = 0.02 and T\ = 77 K. This tube is concentric with a larger tube 
of 50-mm diameter, the inner surface of which is diffuse and gray with s 2 = 0.05 and 
T 2 = 300 K. The space between the surfaces is evacuated. Calculate the heat gain by the 
cryogenic fluid per unit length of tubes. If a thin radiation shield of 35-mm diameter and 
£3 — 0.02 (both sides) is inserted midway between the inner and outer surfaces, calculate 
the change (percentage) in heat gain per unit length of the tubes. 

Solution 


Known: Concentric tube arrangement with diffuse, gray surfaces of different emissivi- 
ties and temperatures. 

Find: 

1. Heat gain by the cryogenic fluid passing through the inner tube. 

2. Percentage change in heat gain with radiation shield inserted midway between inner 
and outer tubes. 


Schematic: 
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Assumptions: 


Shield 



With shield (w) 


1. Surfaces are diffuse and gray and characterized by uniform irradiation and radiosity. 

2. Space between tubes is evacuated. 

3. Conduction resistance for radiation shield is negligible. 

4. Concentric tubes form a two-surface enclosure (end effects are negligible). 

Analysis: 

1. The network representation of the system without the shield is shown in Figure 13.11, 
and the heat rate may be obtained from Equation 13.25, where 
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2. The network representation of the system with the shield is shown in Figure 13 12 and 
the heat rate is now ’ 
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B , ecause the geomelnes ^ concentric and the specified emissivities and pre- 
“"^ SUrfaC . e te mP c rahires are spatially uniform, each surface is characterized by uniform 

T 10 " 5 ' HeDCe th£ calculated heat transfer rates would not 
change tf the cylrndncal surfaces were to be subdivided into smaller radiative surfaces 


13.3.5 The Reradiating Surface 

UHLIST’T ° f 3 'T adia, ' ng surface is common to many industrial applications This 
idealized surface is charactenzed by zero net radiation transfer (n = 0) It is cioselv 

effect™ b h rea l SUrf a CeS ^ Wd ‘ insulated on one for which convection 

effects may be neglected on the opposite (radiating) side. With q t = 0 it follows from 

Equatrons 13.15 and 13.19 that G, = J, = Hence 8 , if the radios?* of a remSg^T 

lerL'L r 11 ’ ltS , tempera T is readily deter mined. In an enclosure, the equilibrium tem- 
perature of a reradiating surface ts determined by its interaction with the other surfaces and 
it ts independent of the emissivity of the reradiating surface. 

A three-surface enclosure, for which the third surface, surface R is reradiatine is 
shown m Figure 13.13*, and the corresponding network is shown in Figme 13.136 Surface 
u 18 presu “ ed *° ^ * eM insulated, and convection effects are assumed to be negligible 
ence, wrth q R 0, the net radiation transfer from surface 1 must equal the net radiation 
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Problem number (S) 


(18 Marks) 


^ Explain the Planck distribution for the black body? (6 Marks) 

b) A large uranium plate of thickness L = 6 cm and thermal conductivity k = 28 W/m. °C in which 
heat is generated uniformly at a constant rate of g .= 5 x 10 6 W/m 3 . one side of the plate is 
ntained at 0 C by iced water while the other side is subjected to convection to an 
environment at T„ = 30 °C with a heat transfer coefficient of 45 W/m 2 . °C, considering a total of 
four equally spaced nodes in the medium, two at the middle and two at the boundaries, estimate 
the exposed surface temperature of the plate under steady conditions using the finite difference 
appr0ach ‘ (12 Marks) 
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